The dehydration of amm onium, potassium and some mixed alums
During the dehydration of salt hydrates in a vacuum or over a dehydrating agent, nuclei are formed of a new solid phase on the surfaces of the crystals. The majority of recent investigations have been concerned with the study of the rate and of the mechanisms of the reactions occurring a t the interface between the new solid phase and the original hydrate. The reaction is followed by measuring the change in weight of the crystal during dehydration, or by observation of the rate of movement of the interface. The activation energy for the evaporation of water from the inter face and the B-factor in the equation k = Be~E,RT h of hydrates.
In some of the examples the values of B and E are of the order normally expected for solid reactions occurring at room temperature. For copper sulphate pentahydrate (Topley 1932a) and nickel sulphate pentahydrate (Garner & Southon 1935) , the B-factor lies in the region 1011 and 1012 mol./cm.2/sec. In the case of the former, E -18-25 kcal., and is of a similar order of magnitude to the thermodynamic heat of dissociation, viz. 12-6 kcal. Carbonates dissociate similarly to hydrates, and in a number of examples the heat of dissociation is approximately the same as the heat of activation for the loss of carbon dioxide (Zawadzki & Bretsznajder 1938) . For silver carbonate the same is approximately true (Spencer & Topley 1929) and the B-factor is normal. There would appear, therefore, to be one class of dissociations
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for which the 5 -factor is of normal magnitude (~ 1013) and the heat of dissociation approximately the same as the heat of activation. On the other hand, calcium sulphate hexahydrate (Topley & Hume 1928) gives a high activation energy, E -38 to 40 kcal. and a 5 -factor of 1036, and fo (Cooper & Garner 1940) 5 = 31 kcal. as compared with 11 kcal. for the heat of dissociation and a 5 -factor of 1025. Potassium hydrogen oxalate (Hume & Colvin 1929 ) also gives an abnormally high value for the activation energy, 40 kcal. No satisfactory explanation has yet been given of this abnormal behaviour.
If the crystals have been carefully grown and the surfaces are free from scratches, there is normally an induction period before nuclei make their appearance. In extreme cases, hydrates have been kept for several days in a high vacuum in the neighbourhood of room temperature without visible change occurring. This indicates th a t the activation energy for the removal of single water molecules from the surface of the crystal must be very high, but so far there has been no accurate estimate of its magnitude for any hydrate. This is in marked contrast to the removal of water from the interface, where the activation energy may be as low as the heat of dissociation.
-The nuclei frequently adopt striking geometrical patterns with sharply defined contours. An extended investigation into the shapes of nuclei on the known faces of copper sulphate pentahydrate (Garner & Pike 1937) showed th at the shapes on dif ferent crystal faces are often markedly different, and the work indicated that growth along certain crystal axes was preferred. For nickel sulphate heptahydrate linear nuclei were obtained on the surface, which spread into the interior of the crystal along a preferred plane. On the other hand, in the case of chrome alum (Cooper & Garner 1940) hemispherical nuclei are obtained, where the rate of growth of the nuclei is the same for all crystal directions.
A factor which complicates the study of the rates of growth of nuclei is th at of the impedance to the escape of water, due to a fine state of division of the solid product. This may lead to a decrease in the rate of growth as the thickness of the layer on product increases. Impedance is marked in the case of copper sulphate pentahydrate (Topley 1932a) , where the product has been shown to be amorphous when examined by X-rays (Kohlschutter & Nitschmann 1931) . Manganous sulphate bihydrate also gives an amorphous product (Smith & Topley 1935; Volmer & Seidel 1937) , which crystallizes in the presence of water vapour, and in this case a very abnormal rate of growth curve is obtained in the presence of water vapour, as shown when the rate of growth is plotted against pressure of water vapour. This is not, however, the general rule, for in other cases, notably the alums, there is no < l > o the layer of solid product. If this is free from cracks or capillary passages of large size, then some impedance might be expected.
In the present investigation a number of alums has been examined, with a view to a study of the interrelationship of the various factors, e.g. 5 -factor, activation ppreciable impedance to the escape of water vapour due to increasing thickness f product. The phenomena which are observed must depend on the compactness of 33'2 energy, impedance and shape of nuclei. I t was hoped thereby to fill in certain gaps in the body of information on nuclei formation and growth, and to attem pt a broad generalization of the nature of the mechanism of the dehydration processes. The dehydration of potassium and ammonium alums and solid solutions of potassium aluminium and potassium chromium alums have been studied, using the technique developed by Cooper & Garner (1940) . Measurements have been made of the rate of growth of nuclei, and of the rate of penetration of the interface into the interior of the solid for a range of temperatures. The thermodynamic heat of dissociation has been measured for ammonium alum. The shape of the nuclei has been investi gated on the different faces of the alum crystals, and in this connexion some work has been done on rubidium and caesium alums, and on mixed alums containing common alum and chrome alum in solid solution. The effect of variation of water pressure on the rate of reaction has also been examined. 510 G. P. Acock, W. E. Garner, J. Milsted and H. J. Willavoys E x p e r i m e n t a l Measurements of the rates of growth and observations on the shapes of nuclei have been made in the apparatus previously described in the paper on chrome alum (Cooper & Garner 1940) . The crystals were grown in a dust-free crystallization chamber, dehydration of the solutions being effected over solid sodium hydroxide. They were grown slowly and only crystals with perfect faces were used. They were drained from excess of solution and dried by the method previously described and stored in desiccators over the powdered alum. Crystals of 1 to 2 cm. across were employed.
Shapes of nuclei formed in vacuum
The nuclei formed on the 111 face of the crystals are roughly hexagonal in shape, with marked diagonal cracks. Typical nuclei for the series ammonium, potassium, rubidium and caesium alums are shown in figures 1 and 3, plates 12 and 13. For ammonium, potassium and rubidium alum, the alternate sides of the hexagon are concave and the other three sides give very nearly a straight edge, but with an occasional tendency to concavity and with an overhanging haze. The haze, under higher power, gives the appearance of being composed of very fine lines. The nuclei for caesium alum are somewhat more complex in structure, since three of the faces of the hexagon are poorly developed (figure 36). The nuclei all possess trigonal sym metry and are aligned with their straight edges parallel to the edges of the 111 face; hence they form an approximate reproduction of the octahedral face of the crystal.
On the cubic face, 100, the nuclei are square with diagonal cracks, giving the appearance of a square pyramid (figure 1 c,
The sides of the square are parallel to the intersection of the cubic face with the octahedral face. On the dodecahedral face, Oil, the nuclei are approximately rhombic with two of the corners rounded ( figure 1 e,f) . The shapes of the nuclei in relation to the geometry of the crystal are shown in figure 2.
The cracks in the nuclei possess some significance, for their formation indicates a regular shrinkage of the product, due to recrystallization. This can be readily interpreted if the microcrystals of the product were regularly arranged with respect to the edges of the nuclei. This is what would be expected to occur if the dehydration takes place preferentially along one set of planes (100) of the hydrate, and the product was built up along these planes. A mass of similarly oriented crystals would be produced which, on recrystallization, would contract in a regular manner.
For ammonium alum, slow-growing spherical nuclei were also formed, especially over the lower temperature range. In this type of nucleus there are no cracks. The microcrystals of the product are therefore less regularly arranged and when recrystallization occurs there is no shrinkage of the mass as a whole, the changes being accommodated between the grains. I t is significant th at the spherical type of growth might be expected to yield microcrystals arranged with their axes pointing in all directions. 
Effect of water vapour on shapes of nuclei
As the water vapour pressure over the crystal increases, the nuclei gradually lose their hexagonal shape and finally become very irregular on the periphery (figure 3 d,eand /, plate 13). At the same time the cracks disappear and the product becomes visibly crystalline in character, indicating that water vapour facilitates the growth of the microcrystals, finking them together irregularly and thereby preventing shrinkage. In the presence of water vapour there is no longer a marked preference for growth along the 100 planes. In figure 3 c, plate 13, a photograph is shown of the nuclei on iron ammonium alum, produced in hard vacuum, which resembles those of other alums when gro wn in the presence of water vapour.
Nuclei on the surfaces of mixed alums
A study was made of the nuclei formed on five solid solutions of potassium alum and chrome alum, and typical photographs are given in figure 4, plate 14. I t was observed th at as the percentage of chromium increases, nucleation becomes more difficult, especially over the lower temperature range (15 to 30° C), and th a t a t the same time there is a marked increase in the temperature coefficient for nuclei formation. The hexagonal structure and the radial cracks of the nuclei on the 111 face are absent and spherical nuclei with concentric cracks are obtained. The growth of these nuclei is discontinuous, wisps of material being developed ahead of the interface a t certain stages during the growth. These isolated regions grow both forwards and backwards but never quite join up with the original interface, and they give rise ultimately to what is apparently a concentric crack. Typical nuclei for 30, 40 and 50 % chromium are given in figure 4 a, 6 and c, plate 14, and it will be seen th a t they all have the same character. At 68 % chromium, the nuclei become very complex and their character depends on the temperature of dehydration. At 35 to 40° C spherical nuclei are formed which resemble those described above in their method of growth, but a mosaic structure is developed in the nuclei (figure 4 At 30° C and below a new type of nuclei is obtained, whether the nucleation is started above 30° C or not. This is a ' cluster ' type of nucleus which is sometimes set in a paler matrix. There are apparently two separate processes of dehydration, the interrelationship of which has not been fully worked out; there is a rapid spread of dehydration process with a very faint outline and in this whiter nuclei are sub sequently formed (figure 4 e). Sometimes the faint dehydration is not seen and nuclei similar to those in figure 4/ are obtained. In this series are also obtained nuclei which show evidence of Liesegang phenomena occurring in the solid product (figure 4 g). When the percentage of chromium is still greater (86 %), the nuclei resemble those obtained with chrome alum, giving slow and fast growing spherical nuclei. There is, however, evidence of the presence of a mosaic structure in the faster growing nuclei ( figure 4 h). I t would appear th a t the replacement of aluminium by chromium leads to the disappearance of the processes of dehydration occurring along crystal planes and to the production of spherical nuclei in which growth has certain discontinuous features. The nuclei show concentric cracks or, in certain cases, a mosaic structure. Dehydration occurs ahead of the normal interface, possibly by the removal of water without lattice collapse, as in zeolites, and then subsequently nucleation occurs in the partially dehydrated material.
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Rates of growth
The rates of growth were measured in vacuum and also in the presence of water vapour a t pressures lower than th a t of the dissociation pressure. In vacuum there is an initial induction period before nuclei appear, which decreases with increase in temperature, and for ammonium alum the length of the induction period is 100 min. a t 15° C and 3 to 4 min. a t 40° C. For mixtures of aluminium and chromium alums (Cr = 68 %) there are no nuclei produced a t 25° C in 24 hr., but at 35° C nuclei are formed within a few minutes. Photographs of the nuclei were taken with a WinkelZeiss microscope on a Kodak super X-X panchromatic film a t intervals during an experiment. When the nuclei were hexagonal or square in shape, they were measured on the film along the diagonals, the average lengths of the diagonals being taken. The plot of the diameter of a nucleus against time practically always showed an accelerating rate of growth when the nuclei were small (figure 5), the curve becoming linear and remaining so during the remainder of the growth. The initial rate of growth is approximately double the final value, and the difference is too great to be accounted for by the cooling of the crystal which occurs as the dehydration proceeds. Also, the abruptness of the change in rate is not in accord with the hypo thesis th a t it is due to the self-cooling of the crystal. I t was observed in the case of the alums th a t nucleation ceased after a certain number of nuclei had been formed. The temperatures of dehydration ranged from 15 to 40° C, and experiments with several crystals from a number of batches were made at each temperature. The average values for the rates of growth of nuclei for ammonium alum on the 111, 100
and Oil faces are summarized in table 1 and for potassium and rubidium alums in table 2. The temperatures are uncorrected for the self-cooling of the crystal during dehydration, but the experimentally measured self-cooling is given (see later). I t will be noted th at there is a decline in the rate of growth of the nuclei on the 111 face in the order NH 3, K and Rb. From the photographs in figure 1, plate 12 it will be seen th at the decrease is more marked in the direction of the concave edges of the nuclei than along the diagonals. The atomic weight of the monovalent ion is obviously a factor influencing the rate of dehydration. For both ammonium and potassium alums the rate of growth along the diagonal of the 111 face is practically" identical with th a t along the diagonal on the 100 face. The growth for the Oil face is definitely slower than the rate on the 111 face.
The results in water vapour were obtained by first forming nuclei in hard vacuum and then continuing the growth in a constant pressure of water vapour. The change over in rate of growth on introducing water vapour was very rapid. The measured rates of growth are given in tables 3 and 4, and the results, after correction for selfcooling, are plotted in figure 6, together with the earlier results for chrome alum, and it will be seen from the maximum on the curve th a t there is some catalysis of the rate of dehydration by water vapour a t low pressures for potassium alum a t 30° C but th a t the effect is less than for chrome alum. There is a doubtful trace of catalytic effect for ammonium alum a t 30° C, but there is no appreciable influence with this hydrate a t 40° G. The self-cooling of the crystals was measured and the rates of growth have been corrected on the assumption th a t the temperature coefficient of the rate of growth is not affected by water vapour. and variable results for the rates are obtained due to the complex interrelationships between two processes of dehydration. In this region 'mosaic' and 'cluster' nuclei are obtained.
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Effect of water on the rate of dehydration
In a hard vacuum, the quantity of water adsorbed in the interface will be small, especially where the interface intersects the surface of the crystal. I t is shown later th a t there is no change in the impedance to the escape of water as the thickness of product increases, so th a t the quantity of water adsorbed in the interface is probably uniform over the whole area. Assuming th a t the adsorption in a hard vacuum is practically zero and th a t water retards the dehydration process by occupying places in the interface into which water molecules are released from the hydrate lattice, then it might be expected th at the rate of dehydration in the presence of water vapour would be proportional to the places unoccupied by adsorbed water molecules. The fraction of places unoccupied can be calculated from the Langmuir adsorption isotherm, for which PHgol-Qwhere Q is the fraction of the places in the interface occupied by water. When 1, then the rate rp = 0, and when Q = 0 then rp = r0 and for intermediate values of r0-rp = kQ. A plo of PHg0/(^o~rjj) against PHg0 gives a straight line for the two series of experiments with ammonium alum (figure 7), which is in agreement with the proposed mechanism. A similar treatm ent has been given by Topley (19326) and Smith & Topley (1931) to the results obtained by them for the dehydration of copper sulphate pentahydrate in the presence of water vapour, and they find th at there is a linear relationship between the rate of dehydration and the amount of water adsorbed in the interface (see figure 7) .
Unfortunately, this treatm ent cannot be applied to the results obtained with potassium and chrome alums on account of the maxima on the rate curves. The maxima are due to the acceleration of the rate of dehydration a t very low water vapour pressures. I t is well known th at water catalyzes the.crystalhzation of the solid products formed in dehydration processes so th at the maxima on the curves for potassium and chrome alums might be ascribed to impedance of the flow of water vapour caused by a transition layer of amorphous solid, which crystallizes in the presence of water vapour.
Rate of penetration of the interface into the crystal
This was measured on a McBain-Bakr quartz spring balance with partially dehydrated crystals which were covered with the product of the reaction over the whole surface. The technique has been described previously. For chrome alum, which gives hemispherical nuclei, it has been shown th at the rate of growth along the surface was equal to th at of penetration into the crystal, and th at the rate of penetration was independent of the thickness of the solid products. From this it was deduced that there was no change in the impedance to the escape of water as the layer of product became thicker and th at if any impedance was present it was limited to a transition layer. In the present experiments, the rate of penetration was also found to be independent of the thickness until the reaction was nearly complete, which shows that the type of impedance found with copper sulphate pentahydrate was absent. Twenty out of the original twenty-four molecules of water on jR2S0 4, A12(S0 4)3. 24H 20 are lost, the final product holding on firmly to the residue of four molecules. There was a tendency for slightly greater losses at the higher temperatures (see tables). The rates of penetration are given in tables 6 and 7 and compared with the radial growth of the nuclei over the surface. The rate of penetration into the crystal is definitely less than the rate of growth along the surface, but the ratio of the rates is practically constant a t all tempera tures and is almost identical for potassium and ammonium alums. I t is unlikely th at this constancy of ratio would have been obtained if there were any impedance to the escape of water vapour, since this varies with temperature. I t has been shown th at the rate of reaction is different in different directions in the crystal, and the slower rate of growth perpendicular to the surface is probably very largely due to this effect. Although no quantitative calculation can be made on the rate of growth into the interior of the crystal from the available data, it will be noted th at on the 111 faces of ammonium and potassium alums the ratio of the minimum to the maximum rate of growth is approximately 0*7, so th a t ratios of the order given in tables 6 and 7 are not unexpected. The activation energy for the dehydration reactions is derived later, after correction for self-cooling of the crystal. One run was carried out at 35° C for the mixed alum containing 50 % chromium and 20-871 mol. of water were lost, showing that the reaction follows a similar course to th a t in potassium alum: the rate of penetration was 0*565 x 10~4 cm./min., which was in good agreement with the value for the rate of growth of the spherical nuclei as measured on the surface, viz. 0*556 x 10~4 cm./min. The solid solution containing 68% chrome alum gave a loss of 15* 8 to 15*9 water molecules, which indicates a change in the nature of the process of dehydration at the higher chromium content. The rate of penetration at 35° was 0*917 x 10~4 cm./min., which is much less than th at for the radial nuclei growth. If the dehydration of the crystal was stopped half-way, it was found th at the actual penetration, as observed on a broken crystal, was much greater than the value calculated from the loss of weight as measured on the spring balance. There were seen to be two layers, the inner layer purple in colour and the outer layer greenish blue. It was not possible accurately to ascertain the number of water molecules lost in the two stages, but it was deduced th at approximately 8 to 12 mol. were lost in the first stage. The rate of penetration for 85* 8% chrome alum could also not be accounted for except by the assumption of two successive dehydra tion processes. The rates of penetration as measured on the spring balance were 25° C, 1*06 cm./min. x 10~4 and a t 30° C, 1-59 cm./min. x 10-4, and when measured from a broken crystal, higher values were obtained, indicating the occurrence of two processes, the first occurring with a loss of 12 water molecules and the second with a loss of 4 mol. Two stages in the process of dehydration have been previously found for copper sulphate pentahydrate (Garner & Tanner 1930) .
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Heats of dissociatio
The dissociation pressures were measured for ammonium alum by the method previously described. Large single crystals, 2 cm. across, were employed with the interface a t different depths below the surface of the crystal. The dissociation pressures were measured from 20-0 to 42° C (table 8) . Logp is plotted against l/T in figure 8 , from which the heat of dissociation is deduced to be 15-65 cal./mol. H 20 . 
Self-cooling of the crystal during dehydration
The self-cooling of the crystal was measured by means of a thermocouple placed between two crystals carefully cemented together. When the reaction occurs at an interface completely surrounding the two crystals, the thermocouple will be in a constant temperature enclosure. The values for self-cooling recorded in the tables are probably somewhat too low on account of the use of too thick copper wire in the copper-constantan thermocouple, so th at the self-cooling has also been calculated by the method due to Smith & Topley from the equation 
K(T$ -T{) -N H
O d eep p en etra tio n , * lig h t p en etra tio n .
where T0 is the temperature of the thermostat, that of the crystal, K -1-37 x 10-12, N the number of water molecules evaporated per sq.cm, and H the heat of dissocia tion of the hydrate. This assumes th at the dehydrated product behaves as a black body, and these calculations may therefore give values for the self-cooling which are too bigh. Both the experimental results and those calculated assuming black body conditions were used to correct the rates of growth of nuclei and the rates of penetration, and in the calculation of the activation energies for dehydration. The values are given in table 9.
The agreement between the values for the activation energies for the nuclei growth and the penetration of the interface is satisfactory. The values for the rate of pene tration would be expected to be the more reliable, since the rates were determined under conditions where the self-cooling had become constant, which is not neces sarily the case for the measurements with nuclei. For ammonium alum the activa tion energy is about 1 kcal. higher than the energy of dissociation. The activation energy is 16-5 + 0*5 and the heat of dissociation is 15-7 kcal. The close agreement between the two energies indicates th a t the coupling between the evaporation process and the reorganization of the lattice to give the final products is very close. The reformation of the alum lattice in the reverse process by the accretion of water vapour thus takes place without appreciable activation energy. The process of hydration is thus analogous to th a t of condensation of water vapour on a water surface, and to the reformation of carbonates from the oxides. 522 G. P. Acock, W. E. Gamer, J. Milsted and H. J. Willavoys The 12-factor in the equation r0 = Be~E/RT for ammonium alum for the rate of reaction in molecules of water per sq.cm, of surface is 8-2 x 1012 a t 35° and 8-6 x 1012 a t 25° C, and is 2-2 x 1011 for potassium alum. These values are a little lower than those obtained in exothermic solid reactions but are in fair agreement with those expected from the Polanyi-Wigner equation, in which B ~ 1013.
Activation energies for mixed alums. The temperature coefficients of the rates of growth for mixed alums were only determined roughly; insufficient points were taken for accurate values to be derived. The change in the character of the nuclei on the addition of chromium did not a t first affect appreciably the activation energy (table 10) , but when the chrome alum content exceeded 50 % the activation energy depended on the type of nuclei and on the temperature. The cluster type of nuclei had high temperature coefficients.
D i s c u s s i o n
Nucleation. W ater molecules adsorbed by van der Waal forces on the surfaces of hydrates will be removed very rapidly in vacuum, but those molecules embedded in the ionic lattice will require high energies of activation for their release. The length of the induction period before nuclei are formed and the high temperature coefficient of the induction period afford evidence of the latter. The release of this water must be accompanied by movements of the ions surrounding the water molecules, and the energy of activation is probably high because of the necessity for imparting a sufficiently large amplitude of vibration or rotation to these ions to allow the water molecule to escape. Certain of the water molecules in the alums are structural water (Lipson & Bee vers 1935) and will be more mobile than the rest. The loss of a water molecule will produce a hole which will be partly filled up by some reorganization of the ions and other water molecules in its immediate neighbourhood. This hole could be completely filled by the migration of a molecule of water from within the crystal if the activation energy for migration were sufficiently low. The activation energy for migration would be expected to be of the same order as th at for evaporation, so th a t an appreciable defect of water within the crystal lattice should be produced. There is, however, no case known where nuclei of a new solid phase are produced within the lattice. If, however, a nucleus were formed within the lattice, it would grow very slowly because there would be no rapid means for the removal of water. Also, there is more mobility for forming new solid phases at the surface than in the interior of the crystal, and therefore the absence of nuclei formation in the interior cannot be taken as evidence for the absence of lattice defects.
I t is considered th at the possibility of such a defect occurring within the crystal should always be borne in mind in the interpretation of the phenomena of nucleation. Certain of the phenomena found in this investigation may be interpreted in terms of a lattice defect. Thus, the length of the induction period which elapses before nuclei are formed may, in part, be due to the time needed for building up a suffi ciently large water defect within the lattice. The formation of nuclei would be expected to be dependent approximately on the wth power of the concentration of the holes, where n is the number of water molecules which must be removed in one localized area in order to start the initial dislocation from which a nucleus com mences to grow. Where n is large, nuclei will form when the concentration of defects approaches a critical value and the time at which nucleation commences will be reasonably sharp, as is, in fact, found. From the counts of the numbers of nuclei of different sizes present at any time, it was deduced that the rate at which the nuclei were formed varies according to a linear or a second order law (Bright & Garner 1934; Garner & Southon 1935; Cooper & Garner 1936) . This is what would be expected if, during the period in which nuclei were forming, the water defect within the crystal was being maintained a t a constant or slightly increasing figure. The defect within the lattice would be increased by the loss of water from the crystal surface and decreased by migration of the holes to the interface of the nuclei. When the area of the interface becomes large, evaporation from the bare crystal surface may be insufficient to maintain the lattice defect above the critical value a t which nuclei are readily formed. Therefore, after an initial batch of nuclei has been formed, it would be expected th a t there would be a complete cessation of further nucleation. This is actually observed in the cases of common and ammonium alums. On the basis of this reconstruction, the initial rapid rate of growth of the nuclei (figure 5) can be accounted for as due to the migration of lattice defects to the growing interface, which will increase temporarily the rate of loss of water from this interface.
Interface reaction and shapes of nuclei. The striking fact about interface reactions is th at the removal of water is much easier from the interface than from the crystal surface. This is probably due to the coupling of the process of evaporation with an exothermic process, the reorganization of the inorganic constituents to give new solid phases. There appear to be two types of interface reaction, possibly linked by intermediate cases. In the first class, of which copper sulphate pentahydrate, potassium and ammonium alum are examples, the activation energies are those normal for processes occurring a t room temperatures and the U-factor in the equation r0 = Be~ElRT is of the order of 1011 to 1013. The heat of activation is of the same order as the thermodynamic heat of dissociation. In the second class, of which chrome alum and calcium carbonate hexahydrate are examples, the activation energy is considerably higher than the heat of dissociation and the -factor many powers of 10 higher than the normal value. The nature of the coupling between the evaporation of water and the reorganization of the lattice may be different in the two cases.
Normal interface reactions. For these the rate of removal of water from the inter face is markedly dependent on crystal direction, and the nuclei possess characteristic geometrical shapes which reproduce some of the symmetry of the crystal. The processes which occur may be regarded as a reversal of those occurring during the growth of a crystal from vapour or solution, in which the crystal is built up along selected planes (Volmer 1939) . By analogy with the growth and dissolution of crystals, the activation energy for the removal of water from any point on the interface would be expected to depend on the number of undecomposed units surrounding th at point. Thus the loss of water from the middle of a plane surface will be less probable than th at of a molecule placed a t a corner or along an edge. The interface is not, however, completely analogous to a surface, for there is the effect of the second solid phase to be taken into account, which might modify the activation energies. The shape of the nucleus will, however, depend on the relative values of the activation energies of the various types of process th at are permissible. If the activation energies are all approximately of the same order, then no crystal direction will be specially preferred and a spherical nucleus will be obtained. In the case of potassium and ammonium alums the bounding of the surfaces of the nuclei by edges which he in the 100 planes of the hydrate indicates th at the process of dehydration is fastest along the 100 planes and th a t the process occurs layer by layer. I t would appear th a t phenomena observed in the dehydration of these two alums are normal from a kinetic point of view because of this fact, since layer decomposition would facilitate a close coupling between the dehydration process and the reorganization of the ions to give a new lattice.
For the normal mechanism of coupling, the rate is retarded by water vapour, and the probable mechanism of the retardation is th a t the adsorption of water molecules on active areas in the interface blocks the dehydration. The rate of dehydration becomes proportional to the number of such places not covered by adsorbed water. In the presence of water vapour, the nuclei lose their characteristic shapes and become approximately spherical, indicating th at layer growth is hindered, and th a t the reaction takes other paths which possess equal probability in all directions. When the water vapour pressure is just below the dissociation pressure, the nuclei possess an irregular outline and become coarsely crystalline. They are similar to the nuclei obtained with iron ammonium alum in a hard vacuum and resemble the spherulitic growths sometimes formed from solution, where there is a very rapid growth of the crystals along one axis. Layer growth has obviously broken down into a process which is determined more by the properties of the crystalline products than by the structure of the original hydrate.
The addition of foreign ions to the hydrate lattice also causes a breakdown of the layer growth, and produces spherical nuclei. The effects are, however, radically different from those due to the presence of water vapour. The foreign ions appear to stabilize the lattice, conferring on it some of the properties of a zeolitic structure. There is evidence th at water is removed from the region ahead of the normal inter face, which indicates th a t the movement of holes within the lattice is facilitated. The occurrence of such a process would obviously cause a breakdown of dehydration layer by layer.
There is a diffuse region ahead of the interface in the case of ammonium and potassium alums ( figure 1 a, b, plate 12), which appears to consist of phenomenon only leads to second order effects in the case of the two alums, and the layer growth controls the phenomena which occur. The formation of cracks ahead of the interface might, under certain conditions, have serious effects, for if the cracks isolated portions of the crystals, these would have to be nucleated afresh, and the rate of dehydration would be controlled by nucleation in the cracked area.
Abnormal interface reactions. These are characterized by high values of E and high ^-factors. A high activation energy would be expected if the process of evapora tion were not closely coupled with the formation of crystals of the solid products.
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Thus it would be high if the products were produced in an amorphous form. Chrome alum gives E -3 1 kcal. and calcium carbonate hexahydrate = 38 to 40 k these values are so high th a t it would not be expected th a t the reactions would occur a t an appreciable rate a t room temperatures. For chrome alum r0 -1025.e~31,000/jRr mol./cm.2, and this rate could be accounted for if the excitation of a molecule with 31 kcal. sufficed for the release of 1012 other molecules. This would correspond with the nucleation of a block of a crystal 10~3 cm. cube. I t may well be th a t for chrome alum, cracking occurs ahead of the interface, producing isolated blocks of crystal which have to be nucleated afresh. If this were the rate-determining step, the high activation energy would be accounted for.
I t has been suggested previously (Garner 1939) th a t the activation was a co operative process, proceeding a t a number of points in the lattice simultaneously, thereby producing a dislocation over a wider area than with the normal coupling. This would mean breaking down the activation energy into a number of smaller values, applied a t a number of points in the interface. This might be the correct explanation.
There is a third possibility, th a t an amorphous product is formed in a transition layer which hinders the flow of water molecules from the interface, and th a t the thickness of this layer is dependent on temperature. This would mean th a t the high activation energy was fictitious, and th a t there should be subtracted from it the energy corresponding to the temperature coefficient of the impedance through the transition layer. This would also give a reasonable explanation.
I t does not appear to be possible a t the present stage to decide which of these explanations are correct.
ammonium, potassium and some mixed alums The 2*7 day activity in 196Au has been studied by means of a /7-spectrometer of the lens type in conjunction with a special technique for studying the y-radiation. The /^-spectrum has an upper limit = 0*92 MeV. An absorption measurement on the y-radiation in Pb shows that no high-energy y-radiation is existent, as has previously been reported. Only one y-ray of medium energy (0*401 MeV) follows the /^-disintegration.
If gold is irradiated with slow neutrons (Fermi, Amaldi, d'Agostino, Rasetti & Segre 1934), a strong activity appears with a half-life period of 2*7 days. This must be due to the gold isotope 198, as gold has only one stable isotope with the mass 197. The same active isotope can be produced in several other different ways, for example, by deuteron-irradiation of gold (Cork & Thornton 1937) and platinum (Lawson & Cork 1940) . At the same time, however, other active gold isotopes are produced, and hence the methods mentioned are not suitable if it is desired to study 198Au alone. Fast neutrons, on the other hand, give rise, besides the above-mentioned activity, to two others, though considerably weaker, with the half-life periods 13 hr. and 3*3 days (MacMillan, Kamen & Ruben 1937) .
